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Abstract: As a model organism, zebrafish (Danio rerio) is widely used in ecotoxicology and other fields as its
small size, low cost, wide adaptability, short breeding cycle, high fertility and embryonic transparency. The life
stage of zebrafish mainly includes embryo, larvae and adult. The proportion of toxicology research of zebrafish life

cycle continued to rise and showed a steady growth trend in recent years. In present study, the toxicity tests of ze-
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brafish in three life stages and the whole life cycle was introduced and reviewed. Secondly, toxicity test guideline

and standard of zebrafish in various life stages, resource library information, endpoint and transgenic zebrafish were

also summarized. Thirdly, the application of multi-stage and whole life cycle toxicity assessment were generalized.

Finally, the prospects of the application of zebrafish toxicity testing and the whole life cycle were discussed and

suggested in future research.

Keywords: zebrafish; life-cycle; toxicity test

BT L 1 (zebrafish, Danio rerio) /2 — i 7= T I
JEE RN R ST 3L /N BRGT A1 1994 AR RAE R —
Tl 48T ) B ME Bl Py R R 22 R R 3207 B
BOHZEA E R G LR S S L S YA
RIS b B E fa 5 NS 3 A% A A B IR) 5
FHO R 70% N KEEEH = ADH - BB
MR FIEYY, 2 R A SR 5 ANk
{1 A U728 S G 7 i R NG/ AYA B Ao U S 8
AL T A MAARRR B2 SR AFE 3R JEI
DU I J 01 HLAZEAE S 6 I A5 10 T e ™ i Kt
KGR AEAR AT 36375 B B £ B A 5 AR S
FEHlE A & wt L 22 S b 15 28] T i
FEM AT F/INER SR R 2 e SRR AR AR R
B £ 1 8 FH 7 G

B £ 1) A A B B 2 2 AR IR G (D 48] R
1 R IR o I I A ) AT R R £
3 NHYEL, 72 hpf(hour post fertilization, hpf)ifE A 15
frea BB H 288 B R B 568,96 hpf B K248 H
KEFEM,120 hpf WHF L F 5 A fi A
I E BN 2 28 B AR A A R (full life cycle
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test) RIS A i il B3 B8 (partial life cycle test)™, 7
e e R O R e G U s | Ao e s i Y Lo e i
Pk B R BRI AN Ry R R A AR R R (B E T 2
FRARVER AEFE AR B EEESE)™ , FIF PubMed ds
J% , ) zebrafish embryo, zebrafish larvae, zebrafish a-
dult F1 zebrafish life cycle R 451, LA toxicology
RBRE XIS A B, T 10 4F2k B Th A0 A= Ay R Y
BERSABFGE T 7 LU SR T O SRR K Y
(F 1), ASCERAR T By a4 A 1 JR) B B A ik
J& RS B TN S LS At 55 45 B HE )
AR L F R — 2 S KA

1 HSEREGTHRESEZHHTFRER(Re-
search progress on partial life cycle test of ze-

brafish in toxicology )

1.1 BEE IR AG1E B B P OIS 0k
1.1.1 2MFrE kBt R

ST R AR HLAR O\ B 52 5 3 W) — Yk ke 40
N (— B 24 ~96 h)ZUALASMEAL & Y 2 J5 B 5
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Fig. 1  Statistical analysis of scientific papers related to zebrafish life cycle
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MR A 2 2t i A e ik
2002 4 Nagel ™ 1F—5AIE B B 25 IR i mT LA
2596 h 1y 2otk sE I, R4, 78 [ S 5efl
BEL fa IR iy 48 h 7 4 i 58 (fish embryo toxicity,
FET)UE fa2s 2tk # PR 5, B 2005 4F LAk, FET
Ll A 18 [ 4 R /K B P 1 5 (whole effluent test,
WET) 8 22 AR 532 23R4T B 25 f0 i Jif 2 1
I Y (5] B, T DA % & B S IE & 19 IR iR
VE R s AF A br , AH G BE 98 N 51 B 45 5 1) £ ik
G AR EBOLERE ML S (T 1), o BkAs 1k |
BT AL R4 BT FH T RN,

HRW 14229 ] BRAFTE 1Y K B et A M mi
LY TR
1.1.2 NIRRT FE it e

N3 WA TP B 1Y) 32 R TR T RAR R K
(R A T 5 BRI R KT 2 A 1 ) Joe K 2ROk IR T
N A 7 R AE 3 2 A v e AR AR 15 ), B
T EY I EA 5 YR N R A R 36 P 2552
Ml A= ) PN 53 W 3R GE W TE B AR BRLIPR 2 o < R
N 53 W 1 3 ¥ (environmental endocrine disrupters,
EEDs)” 7 BT, K2 B IE DU E i 24 stk
oAk k175 5 UR ¥ 25 11 )R (vitellogenin, VTG)SRIF5T
X WECER e ISR A PR IR 32 1A A T 9 EEDs 1Y
ST BE T A0 R R AT AR N i TR EE AT
(9 0 FH 28 1 WL %¢ EEDs % 8 X 3 0 227 5 PR ) 5
e AT A G 32 , VTG AR R BURAY 1) 43R il
Yy, C8 1z N B ARG rR P SR A

*1 HOEFRIMSETNBRENLESR™

Table 1

Lethal and sublethal endpoints for evaluating the acute toxicity

[22]

and teratogenicity of chemicals on zebrafish embryos

REMEZ 5

Toxicological endpoint

EfLAY

& &} /h Exposure time/h

Index

<)

24

48

120

AL
Lethal*

UP¥ELS Coagulation
FEHBAME B Tail not detached
AT RIE AL No somites
Jo.0o Bk No heart-beat

LI/ KT B AN
Sublethal/Development

JEHARRIE 1Y, Completion of gastrula
AT TE A Formation of smites
R £ JE i Development of eyes
[ 323 Spontaneous movement
LB/ PR Heart beat/blood circulation
{62 1% Pigmentation
JKIIE B Oedema

Teratogenic

3L mFFE Malformation of head
BRkPE/H A i) Malformation of sacculi/otoliths

FEHmiE Malformation of tail

L IEWIE Malformation of heart

B Modified structure of the corda

YR ¥ WY Deformity of yolk
H:KIRZE Growth-retardation

S EE* *  Length of tail* *

TE o+ RS T, FUA IR FIE AETr * BRiE 48 h S IR RS 2B IR L& 7K T 5 120 hpf A7 60728 1, W] LURS B 00

Bk,

Note: * Within the teratogenicity test for a better comparison with mammalian data only the endpoint "coagulated" is used as a lethal effect. * * In this

case the eggs are transfered into water without the test compound after 48 h. After natural hatching the larvae is straightened and the tail length can be de-

termined.



86 s #F

ooz 4R F14 &

BiE £ RIS T i A A I A R RO B R 4
TE X T 3K 2 AT A ARG D DU AT L ek A 5 PR
R BT HN A AR A (HJE A B AR, 40 pERE
tata-Luc , H 9% i oy iz F 247 o sl ok fa o B, X
3 WA TR 1 43 AT, AR ) AN L4 T2 A4
PR A (At 434k, T B TEAT fa BUR Y K R By
BT, PRI B0 5 0 R IG AT LAATE hy 15 5 %) 07 326 T
B ABAERFSE T 5 2% i 28 IR e R rp i R o R
i,

X B £ U Jif 1) B B I A0 U S bR 2 BRI st
B35 P L R 4 R 46 G135 ) MacRae F1 Peter-
son IR HIE THEE f0 N NG TE 25 ) T & i R
MR B S R S AL G2y W IT R OTIER 4 S
A BT 2 et Fy T AL, B IR 7E R A
WFFE AT S 2 ()i A8 2 T hRic )
VE R B PRI AR (A0 N 43 T3 ) 5 () ' v
SR Cn 2ok EE ) A EE I AN 18 M B
PEFI R B BEPE) Z A B 56 2R 5 Q) B A IR JIG R 1Y) I
R AT DA A A B S I 55 5 (4) Bt 5 £ S
WRRG 7E 2= 2 6 Bl 0 i 5% w] DAY R H: 7 g 3 A
A
1.2 BEEfaff40 J i 0 75 28 B v (R o e

— MR TESE U ARG 48 ~72 h IBE S AT DL A
Hizzhif Haets B EIWE, bridiE EXFEA T
W, B By A1 SRR SR AOR, R, B RTE XA
0 ) e X 06 B 0 D) R R b, A K R R
o T 5E St B [ EEshae s, P, — 28 TAE
VM AT A E P de b, AT B PR, SRS fa
DY P8 i AR ], — 5 ~ 6 A IR BE S, £
THGEB T e B b i T 5 S A fa A
AR AR RGN TR G C AR T B,
Fr AR TR 09 F6 bR AR o 6, iU D S A
AH T IRRG R S R B PR3 AE T 0T DU Ab 2
J& BEE AR IS [R] 28 B, R BARITAN 15 e W PR
[l &% B sk 2 g B kAR = A
Py TR T 5, 948 1 BRI ) iAs , 2
AR TR A S R L RS T NRIAE R R S
e P18 5 XU, e by FH S g B R ) B 45 175 4 g
LTVE TV W E PR ik 2H 2 (International Organ-
ization for Standardization, ISO) . A & 1E S5 & A
41 (Organization for Economic Co-Operation and De-
velopment, OECD)F1RK 28 %5 2H 2L IA 5 Ay s o 25 1 )
WAEMER 2),

2 RUBE LD 0 A 7 B A TP A B T R T,
R AN T BATA A Z A, GnoAs 0 52 B E B AH X 458
1%, SE s P M A5 R e A B A, B e A A
FORMYH 2 B W B R = Va0 R &
ABEES R, DT 7 A XA [ R 2815 Ye gyl
A R S PR R R (1) 2 SR DR B s X AN (] 9 e
(53 LE bR AR B PEAS W i, T Y ) R 0
W T PR A B 22 (BSOS AESY S EREEAE
RS EE ) O A B BT 1 A U SRR R

H AT, N T PR8I Ay 2 SR DR B 0 2B
PIR 5 RS A, 55 3 48 0 7T/ (aromatic hydrocar-
bon response element, AHRE) 3% H [z i TG4 (electro-
phile response element, EPRE) . 4 J& & F [ b Jo 4
(metal response element, MRE) M i £ Jz i 7G4 (es-
trogen response element, ERE) Fll 4 H fig Fl2 4k A= &
X W It (retinoic acid and retinoid X response ele-
ments, RAREs, RXREs)(# 3), BE&HF=HE ARTFE
AW ok 2 T 22 1 B DXL (s g oo ) B
S RN, AT AN ] SO T A R R B
R AT DRI LS i —FEHES FE LR o, AT LA
PR H A I H K B 58 v 2% s e W R AR 8
YR ARAMET TS PRk B2 Petersen 55
T o TR R RN T £1 tg(cypl9al b-GFP) IR I W i
5 FORFIR IR MEL R 45 R R I, I v A8 1 RN 55 17
HKMEB R EBRE S W 2], Ak, Pawar ZEP8 B fE 5
B I ff1 (pTol2-MT-Ial-DsRed2) (1) it i 2 & &
Cd™" .Cu™ Hg™ \Pb™ Fl Zn™ ¥, 8 o WL 28 9 s
SiR R A S TR R

2 MOaESHESHITFNRENEGEARENSE
£ 53X 3 & ( Research progress on multi-stage and
complete life cycle toxicity evaluation)
2.1 BES 2B B AN SO A A T I A
PRI A

Bl X ST PRI TR AR IBTR A, AT
W e AL e i B — e A B Be gt IR e 4R 1 B 45
R R TET, AN BB B WL 4 1T Hb S AT B AL A 6 A 1)
B, KEMRCL LW, N TR —a 8514, A
() A= i i B 1 1 2 2R B R AS ) ) AR A h 2
N, 22 W B MDA B 0k S el A2 i B B [R] 1 -
U2 TNl A A A S R
AL R IR A BB W) 2R B 52 e, JF A B T
T KAl T ) e vk R T R Y 2B R BRI
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BP0 I () 3255 B 5K, Rk b BLBR SR BOR B v, 5
PRk s R, Ik, VF 2 #EtE g0 e 4% 3
AN B B D 0 A i B B (VR G A £ R )
B bt A (] ) A= i B BOAT % AN (7] B9 25 M D 3aCh v
TRZ  TEZ By BEa ME DA vb Al L2 B 07 ) s 1
(R 347K, £ A OECD . ISO & [¥ 3 5
££ 47 J&) (United States Environmental Protcction A-
gency, US EPA)FI H S BR 45 4 S5 B o 9% 5 2 & B
H i US EPA(Fish Life Cycle Toxicity, 1996)F1 H 7<
¥4 35% 44 (the Medaka (Oryzias Latipes) Full Life-Cycle
Test Guideline, 2002) il /& T 01 23 B 4> A= iy J&] 1) ¢

TR SFE A I Y PR 5 ey vh 0 4
J& ST R B SRR A
JEIIFE 56 1 Mount AT Stephan® 1 22 3k 5 461 11
R R A TR B T D BB A T AU L R D
TR R A AR R BT 2 (R, Bl BE D
HRERL I R AN, R B2 B BF 5T 4 R ix 3 28
Yy JSOT e Bt 1 40 22 [y BEEE PR PO AR A A= i S 301 25
Pk, Sl AR RO Ik A F R RS,
AL FENFRIE A7 A B R SR FE AR R

Wi G E (R 4),
2.2 [ENBED R bR &

BT 0 /e AR AR R TP AT IR T 1998 4,
o A B I R 2R E N — R A S
BB & B EY S5 = 2000 )5, BED
it oE AR R IR A 2017 4R R EBED 2
FEEPRBE S {5 B HP 0 (the Zebrafish Information
Network, ZFIN) [’ %% {3 i % 2k 37 52 55 % € 38 100
ANBS R B A R RO SR A T E R B K A
A=W BI ST T, FLBE T R R R S A 1 200 £
ANBEE £ 5 Z R 10 000 AR VRAFRS -, AT S BB
i1 i R AR IRIR 55 B B IR AN IR e I A B AR IR 55
TR AME R S AR 55, DA BB AR E5 IR AR 2518
R45 450 eAh B bR A 25 A 24 Hkcit HLSE ) I IS
(A BE 104 P15 B 2 506 2 (3R 5), i@ i Web of
Science™ Core Collection (v5.29)EUHE & LA BT &5 11 Hy
2 A8 [ s R S X Sk 43 BT O S5 s L 45) 7T 61 ,2000—
2001 4 H [ B 5 o A DG A 5238 SCHE tHE S o e
LA 1.6% , 2 J5 o B BE 5 i 5 R g K
FT 2010 4EHRER 10% , 1 %] 7 2017 4F, B2
KE]22.9% (K 2), J5 18 2 v B 0 U ECE 122 & B0, L
“BE I oA R R SCCRERELE 4 010 75 (1990—
2017 4F),

1997—1999
2000—2001
2002—2003
2004—2005 Bl ooGs.
2006—2007
2008—2009 [N

2010 B 2551177

2011

Fpry
Year

2012
2013 |
2014
205 TG
2016 830(21.9%)
2017 ' ' 925(22.9%)

0 200 400 600 800 1000

.. p—
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